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Abstract 


This study investigates the dynamic linkages between biofuels production and sustainable indicators in the 
panel of 17 developed and developing countries, over the period of 2000-2012. The study emphasized the role 
of biofuels production in the sustainable development of the region. For this purpose, the study utilized four 
main sustainable indicators including carbon dioxide emissions, energy intensity, renewable energy generation, 
and total population that have a significant impact on the biofuels production. The study used dynamic hetero- 
geneous panel econometric technique — Generalized Method of Moments and found that carbon dioxide emis- 
sions increase along with the increase in biofuels production. Therefore, the caution should be applied when 
burning the biofuels during the production process. In addition, renewable electricity generation also increases 
the biofuels production in the region. The results of robust least square regression confirmed that all of the sus- 
tainable indicators have a significant association with the biofuels production, as total primary energy consump- 
tion increases the biofuels production, while total population significantly decreases the biofuels production in 
the region. The results derived to the conclusion that for sustainable development in the region, the policymak- 
ers should have to formulate carbon free policies that coupled with the renewable energy sources for emphasiz- 
ing the life cycle of bioenergy during the production process. 
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Introduction 


Biofuels production merely based on living organisms 
that contain more than 80% of renewable materials, as 
it is derived from the process of photosynthesis, there- 
fore, mostly referred as solar energy source. The term 
biofuels is hard to explain, as we used biofuel as like 
fossil fuel. However, biofuel has a unique correspon- 
dence from other energy sources, as it considered 
being carbon dioxide emissions neutral (AENews, 
2014). There are different counter arguments poses the 
biofuels production. One argued in the favor of biofu- 
els production that addresses the greenhouse gas 
emissions and removes carbon dioxide emissions from 
the atmosphere. However, the second stream of argu- 
ment against the biofuels production poses a major 
threat to global food security and for biodiversity 
(Christopherson, 2008). According to UNCTAD (2008, 
P. vii), ‘There is growing interest in biofuels in many 
developing countries as a means of ‘modernizing’ biomass 
use and providing greater access to clean liquid fuels while 
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helping to address energy costs, energy security and global 
warming concerns associated with petroleum fuels’. There 
is undeniable fact that fossil fuel is one of the main 
concerns in the circle of environmentalists and acade- 
micians toward environmental degradation. The quest 
for the alternative energy sources always is the need 
of the globe to sustain and formulates green policies. 
The biofuels somehow a convenient solution to pre- 
serve environment and substitute of high petroleum; 
however, biofuel energy should be evaluated with 
some cautions, as it is so far highly environmental 
friendly energy sources across the globe (Chauhan & 
Shukla, 2011). Biodiesel fuel is the only option to serve 
healthy nation and fulfill the requirements of Clean 
Air Act of 1990, as the particulate emissions associated 
with the biodiesel fuels is lowering around more than 
50% with fossil source diesel. 

Bioenergy is roughly estimated around more than 
10%, that is, 50 EJ of global total primary energy sup- 
ply, and it serves mostly for households cooking and 
heating that have a significant impact on environment 
and health. Modern bioenergy used in building sector 
around 5 EJ in 2012, while around 8 EJ were used in 
industrial sector. A total of 370 TWh of bioenergy elec- 
tricity were produced in the year 2012 that corresponds 
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Table 1 Biofuels generation 


Biofuels 
generation 


Fist generation 


Second and 
third generation 


Commercial scale 


Sugar and 
starch-based ethanol 
Oil-crop based 
biodiesel and 
vegetable oil 
Anaerobic digestion 
Cellulosic ethanol 
Biomass-to-liquids 
diesel 

Bio-synthetic gas 


Feed stocks 


Sugar cane 

Sugar beet 

Starch bearings 
grains 

Animal fats 
Cooking oils 
Algae-based biofuels 
Diesel-type biofuels 
using biological or 
chemical catalysts 


Source: IEA (2013). 


to 1.5% of global electricity generation (IEA, 2013). 
Table 1 shows the first, second, and third generation of 
biofuels. 

There are two major classifications of biofuels, that is, 
one is the primary biofuels and another one is second- 
ary biofuels. Primary biofuels contained fuel wood, 
wood chips, and pellets that primarily used in house- 
hold items including heating, cooking, or electricity pro- 
duction. Secondary biofuels include liquid biofuels (i.e., 
ethanol and biodiesel) that can be used in vehicles and 
industrial processes. Bioenergy accounts for more than 
80% used in household items, while 18-20% used in 
industry. There is only a 2% used in transport sector 
which shows a very limited role of bioenergy in this 
sector (Green Facts, 2010). 

The overall facts indicate the importance of biofuels 
production that is the way towards the future energy 
fuel to the developed and developing countries. There 
are number of studies established the viability of the 
biofuels production in their nationwide and across the 
region. Therefore, there is a pressing need to evaluate 
biofuels production coupled with the sustainable indica- 
tors in the panel of diverse countries portfolios includ- 
ing the set of developed and developing countries that 
gives the sound policy vista for developing biofuels 
energy as a green source of energy. The effectiveness of 
biomass and bioenergy found in the study of Hall & 
Scrase (1998) where they probe that in the future, 
whether biomass fuel will be environmental friendly? 
This notion is used by many developed countries and 
found that biomass fuel is environmental friendly. 
However, the systems need to be caution in terms of 
environment and social benefits across the countries. 
Schaldach et al. (2011) examining the potential impact of 
biofuel development on land-use change in India and 
found that rising population and biofuel production 
will affect on the land-use change over the coming dec- 
ades in India. Ravindranath et al. (2011) further step 


toward the sustainability of India in relation with the 
biofuel development and its impact on three key envi- 
ronmental factors comprising land use, environment, 
and food production. The results suggest that techno- 
logical and policy breakthroughs are prerequisite for 
promoting sustainable and long-term biofuel production 
in India. According to Groom et al. (2008, p. 602) ‘Con- 
servation biologists can significantly broaden and deepen 
efforts to develop sustainable fuels by playing active roles in 
pursuing research on biodiversity-friendly biofuel production 
practices and by helping define biodiversity-friendly biofuel 
certification standards’. 

Escobar et al. (2009) examined the dynamic linkages 
between environment, food security, technology, and 
biofuel production and conclude that there is a substan- 
tial need to regulate some international certification 
mechanism for checking the considerable impact of bio- 
fuels on environment, land use, and food security across 
the globe. Yang et al. (2009) conclude that China’s cur- 
rent biofuel development path may affect on nation’s 
food supply, terms of trade and nation’s environment. 
Hoefnagels et al. (2010) traces the footprints of green- 
house gas during different biofuel production systems 
and found that greenhouse gas performance of biofuels 
varies depends upon the production method applica- 
tions and the selected system boundaries. Common 
practice in life cycle assessment (LCA) of bioenergy has 
been to assume that any carbon dioxide (CO2) emission 
related to biomass combustion equals the amount 
absorbed in biomass, thus assuming no climate change 
impacts (Cherubini et al., 2011; Van Zelm et al., 2014). 
Demirbas (2007) conclude that the main advantage of 
biofuels production is to minimize the risk of green- 
house gas emissions and unpredictable climate change 
across the globe. According to Hill et al. (2006, p. 
11206), ‘Negative environmental consequences of fossil fuels 
and concerns about petroleum supplies have spurred the 
search for renewable transportation biofuels. To be a viable 
alternative, a biofuel should provide a net energy gain, 
have environmental benefits, be economically competitive, and 
be producible in large quantities without reducing food sup- 
plies’. Birur et al. (2008) examined the impact of biofuels 
production on global agricultural markets using the 
Computable general equilibrium model and found that 
terms of trade in oil sector considerable improves in all 
of the oil exporting regions on the cost of aggregate 
agricultural sectors. Nigam & Singh (2011) provide 
extensive literature review on liquid biofuels and con- 
clude that the process of conversion and chemical trans- 
formation of liquid biofuels is too much expensive; 
therefore, for economic viability of liquid biofuels on 
large scale is difficult to attain this bioenergy. 

There is a considerable need to search the cheap way 
of conservation and chemical transformation of liquid 
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biofuels for using worldwide. Cremonez et al. (2015) 
recognize the three major outcomes that inclined from 
the production of biofuels, that is, economic impact, 
environmental preservation, and societal benefits in Bra- 
zil. The results derive that there is substantial need to 
improved the production routes of biofuel energy with 
lowering cost of production, as the raw material used in 
biofuels production mostly linked with the nitrous 
oxide emissions that may affect on agricultural produc- 
tivity loss, threatened wildlife, and intensive water 
usage that impact on the productivity loss, environmen- 
tal degradation, and social problems in the society. 
Spartz et al. (2015) conducted the natural experiment 
and gathered the public perceptions regarding bioener- 
gy and land-use change in the frames of agriculture and 
forestry. The results indicate the higher uncertainty in 
both of the frames; however, perception regarding the 
future energy prices in the forestry frame is highly 
uncertain. Panichelli & Gnansounou (2015) considered 
different modeling choices for examining the potential 
impact of biofuels production on land-use change and 
greenhouse gas emissions. The results show the favor- 
able outcomes that addresses from biofuels production 
to mitigate greenhouse gas emissions and land-use 
change. 

The overall studies indicate the significance of biofu- 
els in the sustainable development of the globe. There- 
fore, this study explore the dynamic linkages between 
total biofuels production, carbon dioxide emissions, 
total primary energy consumption, renewable electricity 
generation, and total population in the panel of 17 
developed and developing countries for the period of 
2000-2012. The study used dynamic panel heteroge- 
neous econometric modeling coupled with the robust 
least square regression for robust estimations. The 
results of the study provide broader insights toward 
sustainability for policymaking and biofuels effective- 
ness across the countries. 


Materials and Methods 


The data of the biofuels and sustainable indicators taken from 
U.S. Energy Information Administration (EIA, 2014) over the 
period of 2000-2012 for 17 developed and developing countries 
namely Canada, United States, Argentina, Brazil, Cuba, Para- 
guay, Peru, Austria, Czech Republic, Denmark, France, Ger- 
many, Italy, Spain, Sweden, China, and India. The variables 
comprises total biofuels production in thousand barrels per 
day, total carbon dioxide emissions from the consumption of 
energy in million metric tons, total population in million, 
energy intensity — total primary energy consumption per Dollar 
of GDP [Btu per year 2005 U.S. Dollars (purchasing power pari- 
ties)], and total renewable electricity net generation in billion 
kilowatt hours. These variables selected for examining the 
long-run relationship between biofuels production and its 


regressors, that is, sustainable indicators in the panel of 
selected 17 developed and developing countries. Table 2 shows 
the list of variables and their expected signs. 

Table 2 shows that sustainable indicators have a positive 
relationship with the biofuels production, as increasing carbon 
dioxide emissions elevate the importance of biofuels produc- 
tion in the region. Conventional use of combustion of fossil 
fuels emerged the deleterious impact on the environmental 
degradation. Thus, there is a need to emphasize on the produc- 
tion of biofuels that have considerable better impact on envi- 
ronment as compare to the combustion of fossil fuels energy. 
Energy intensity subsequently increases the use of biofuels pro- 
duction, as total primary energy consumption insufficient to 
fulfill the need of energy supply and demand gap for the 
region. Renewable energy consumption search for the environ- 
mental friendly energy production that minimizes the risks of 
environmental-related health issues and provide safe and clean 
air to the rapid population in a region. These sustainable indi- 
cators indicate the undeniable significance to promote biofuels 
production for scoring sustainable agenda reforms across the 
countries. 

The study used following nonlinear regression equation to 
explore the impact of sustainable indicators on biofuels pro- 
duction: 


Log(BIOF);; = a + %Log(CO2); , + #2Log(EINT);, 
+ a4Log(RENEGEN);; + %4Log(POP);+ + cit (1) 


where, BIOF represents biofuels production, CO, represents 
carbon dioxide emissions, EINT represents energy intensity, 
RENEGEN represents renewable energy, POP represents total 
population, ‘i’ represents cross section identifiers, that is, coun- 
try 1 to country 17, ‘t’ represents time period from 2000 to 
2012, ‘Log’ represents natural logarithm, and e represents error 
term. 

Equation (1) shows the empirical relationship between biofu- 
els production and sustainable indicators for assessing the 
parameter estimates between the variables. This equation 
tested by number of panel econometric techniques for robust 
results. The study first evaluated the panel unit root tests by 
Im, Pesaran and Shin (i.e., Im ef al., 2003) for confirming the 
stationary series of the candidate variables. The study further 
used Levin et al. (2002) panel unit root test for only those vari- 
ables that does not confirmed their stationary properties by Im 
et al. (2003). In the Levin, Lin and Chu (LLC) approach, it is 
assumed that, all the «x; have a common value, so that the null 
hypothesis is formulated as follows: 


Table 2 List of variables 


Expected 
Variables Symbol Sign 
Biofuels production BIOF 
Regressors 
Carbon dioxide emissions CO, Positive 
Energy Intensity EINT Positive 
Renewable Energy RENEGEN Positive 
Population POP Positive 
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Ho : «= Ovs. H; : «<0 


Thus, an estimator of « is absorbing the heteroscadasticity 
across the time series that make up the panel. While, in Im, 
Pesaran, and Shin approach (IPS) is also based on the ADF 
regressions; however, the Ho and H; are considerable different 
from the LLC approach, that is, the rejection of the null hypoth- 
esis implies that all the series are stationary: 


Ho : %1 = %2 =... = an = Ovs. Hy 
: Some but not necessarily all x; <0 


The study further employed Pedroni (1999) panel co-integra- 
tion for substantiate the long-run relationship between the vari- 
ables. Pedroni’s panel co-integration test allows the four panel 
statistics ‘within’ dimension including panel v-statistic, panel 
rho-statistic, panel ADF-statistic, and panel PP-statistics, while 
there are four weighted panel regression statistics also avail- 
able in ‘within dimension’. In addition, there are three group 
statistics available for substantiating the long-run relationship 
between the variables including group rho-statistic, group 
ADF-statistic and group PP-statistic. In majority of the cases, 
panel v-statistics substantially show positive and greater mag- 
nitude, while remaining panel and group statistics shows nega- 
tive sign. However, for long-run cointegration relationship 
between the variables, the respective probability values may 
also have a considerable impact on confirmation of co-integra- 
tion relationship between the variables. 

In majority of the panel econometric techniques, there 
appears a problem of endogeneity in the model that leads the 
wrong results. Thus, the study employed dynamic panel 
approach — Generalized Method of Moments (GMM) that han- 
dle the problem of endogeneity problem in the given data set. 
Equation (2) shows the GMM model specification. 


Log(BIOF);; = «9 + i+ + %1 Log(CO2);; + %2Log(EINT);+ 
+ a4Log(RENEGEN);+ + a4Log(POP);+ + Eit (2) 


where 0 represents list of instrumental variables including the 
first lagged value of the explanatory variables. 

After correcting the problem of endogeneity from the model, 
the study detected and adjusted outliers from the given vari- 
ables data set and presented robust results. For this purpose, 
the study used robust least square regression apparatus that is 
less sensitive to outliers. There are three different methods 
available for robust regressions including M-estimation pro- 
posed by Huber (1973) that addresses the dependent variable 


Table 3 Descriptive statistics 


outliers; S-estimation as proposed by Rousseeuw & Yohai 
(1984) that focuses outliers in regressors’ variables; and finally, 
MM-estimation proposed by Yohai (1987) that is the combina- 
tion of M-estimation and S-estimations. 


Results 


This section comprises the following sequential order of 
estimations, that is, descriptive statistics, correlation 
matrix, panel unit root test, panel co-integration, 
dynamic panel modeling, and robust least square 
regression. Table 3 shows the descriptive statistics of 
the variables. 

The descriptive statistics show that total biofuels pro- 
duction has a minimum value of 0.020 thousand barrels 
per day to maximum value of 971.619 thousand barrels 
per day, having a mean value of 57.064 thousand bar- 
rels per day. Carbon dioxide emissions have an average 
value of 948.340 million metric tons with standard devi- 
ation of 1808.336 million metric tons. Energy intensity 
has a minimum value of 3285.539 US dollar to maxi- 
mum value of 32 192.63 US dollar, having a positive 
skewed distribution and considerable peak of the distri- 
bution. Total population is 5.337 million to maximum 
1336.990 million, with an average of 193.838 million 
having standard deviation of 379.074 million, respec- 
tively. Finally, the region comprises minimum value of 
0.488 total renewable electricity net generations in Bil- 
lion Kilowatt hours to maximum value of 1003.515 
billion kilowatt hours, having a mean value of 133.583 
billion kilo watt hours with standard deviation of 
170.008 billion kilowatt hours. 

Table 4 shows the correlation matrix between the 
variables. The results show that carbon dioxide emis- 
sions have a positive correlation with the biofuels pro- 
duction, as the correlation coefficient value of r = 0.445, 
P < 0.000 depicts the significant association between the 
variables. The results indicate that along with the 
increase in carbon emissions, the region emphasized on 
the production of biofuels rather than the fossil fuel 
energy that increase the carbon dioxide emissions in the 
region. In addition, combustion of biofuels during 


BIOF CO, EINT POP RENEGEN 
Mean 57.06480 948.3409 8082.234 193.8383 133.5839 
Maximum 971.6192 8547.746 32192.63 1336.990 1003.515 
Minimum 0.020000 3.453520 3285.539 5.337420 0.488100 
SD 153.4918 1808.336 5102.211 379.0744 170.0080 
Skewness 3.910798 2.472694 2.637874 2.258935 1.900773 
Kurtosis 19.37075 7.911910 11.20377 6.440978 6.990724 
Observations 221 221 221 221 221 
Cross-section 17 17 17 17 17 
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Table 4 Correlation matrix 


development, therefore, healthy and safe environment 
prerequisite for sustainable development. 


BIOF CO, EINT POP RENEGEN g 
Table 5 shows the results of panel unit root test to 
BIOF 1 check the stationary series of the individual variables. 
CO, 0.445°" 1 The results show that the data series of biofuels pro- 
EINT —0.083 0.045 1 duction and carbon dioxide emissions are more volatile 
POP 0.068 0.654*** 0.027 1 


RENEGEN _ 0.537***  0.771*** 0.057 0.528*** 1 


Note: *** indicates significance of the variables at 1 percent 
level. 


production should be carefully handled. Similarly, 
renewable energy increases the production of biofuels, 
as the coefficient value indicates the high correlation 
between them, that is, r = 0.537, P < 0.000. Renewable 
energy consumption in the form of electricity supply 
needs environmental friendly energy production that 
useful for providing energy supply according to the 
requirement of energy demand in the region. The result 
further confirmed the conventional hypothesis, that is, 
massive population increases carbon dioxide emissions 
in the region, as the value of correlation coefficient indi- 
cates the positive and high correlation between them, 
that is, r = 0.654, P < 0.000. In addition, the results 
endorsed that renewable energy generation in the form 
of electricity increases carbon dioxide emissions, that is, 
the coefficient value indicates r = 0.771, P < 0.000. This 
relationship confirmed the need of biofuels production 
that has a minimal impact on environmental degrada- 
tion. Finally, massive population required more energy, 
as correlation coefficient value indicates the positive 
and significant association between renewable energy 
and population in the region. This all exercise suggests 
the following points, that is, (i) the caution should be 
applied when burning the biofuels during the produc- 
tion process; (ii) to fulfill the energy supply-demand 
gap, there is required biofuels production; and (iii) 
rapid population hinders in the objective of sustainable 


Table 5 Results of panel unit root test 


in nature, as both of the variables are nonstationary at 
level; however, it becomes differenced stationary. The 
remaining variables, that is, energy intensity and renew- 
able energy generation both are stationary at level when 
adjusted the time trend in the series. However, without 
adjusted trend in the data series, both the variables are 
differenced stationary. Finally, the data set of total pop- 
ulation is not captured any stationary series till second 
differenced in IPS (Im, Pesaran and Shin) approach. 
Thus, the study used LLC panel unit root approach for 
confirming the stationary process. The LLC panel unit 
root test confirmed that population data is stationary at 
level, although, it does not become significant at first 
difference. The results confirmed the mixture of order 
of integration among the candidate variables, therefore, 
during estimation; it would be cautions to use robust 
least square regression that are less sensitive to outliers. 

Table 6 shows the Pedroni (1999) panel residual 
co-integration test results for evaluating null hypothesis 
of no co-integration against the alternative hypothesis of 
co-integration relationship between the variables. 

The results of Table 6 show that both the weighted 
panel PP-statistic and weighted panel ADF-statistic sig- 
nificant at 1% and 5% level, respectively. Similarly, 
group PP-statistic and group ADF-statistic also tend to 
show significant at 1% and 10% level, respectively. The 
results reject the null hypothesis of no co-integration 
and accepted the alternative hypothesis of co-integra- 
tion relationship between the variables. The results 
established the long-run association between biofuels 
production and sustainable indicators in the panel of 
selected developed and developing countries. The study 
step toward the estimation of variable parameters in a 


Level First difference 

Variables Constant Constant + Trend Constant Constant + Trend 
BIOF 3.194 —1.344 —6.353*** —4.040*** 
CO2 4.706 —0.629 —6.679*** —4.960*** 
EINT 1.455 —1.738** —10.071*** —8.098*** 
RENEGEN 4.696 —2.104** —9.002*** —6.858*** 
POP 2.858 4.269 2.913 5.768 
Levin, Lin and Chu (LLC) panel unit root test 

LLC test for POP —2.749%** —5.518*** —1.368 —0.812 


Note: *** and ** shows significance at 1% and 5% level respectively. 
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Table 6 Pedroni residual co-integration results 


Cross-sections included: 17 


Null Hypothesis: No co-integration 

Trend assumption: No deterministic trend 

User-specified lag length: 1 

Newey—West automatic bandwidth selection and Bartlett kernel 
Alternative hypothesis: common AR coefs. (within-dimension) 


Statistic 
Panel v-Statistic 0.571603 
Panel rho-Statistic 2.952751 
Panel PP-Statistic 1.485271 
Panel ADF-Statistic 2.463213 
Alternative hypothesis: individual AR coefs. (between-dimension) 

Statistic 
Group rho-Statistic 4.929505 
Group PP-Statistic —6.059985 
Group ADF-Statistic —1.530066 


multivariate setting. Therefore, the study used dynamic 
heterogeneous panel technique, that is, generalized 
method of moments (GMM) to adjust the problem of 
endogeneity in the given model and the results pre- 
sented in Table 7. 

The results of GMM show that carbon dioxide emis- 
sions have a positive and significant association with 
the biofuels production, as the coefficient value indicate 
that there is less elastic relationship between the vari- 
ables. The results imply that environmental quality indi- 
cator is affected by the combustion of fossil fuels energy 
due to the high abundance and cheap source of energy 
in most of the developed and developing countries. 
Therefore, for caution of carbon free energy, there is 


Weighted 
P Statistic PẸ 
0.2838 —1.567849 0.9415 
0.9984 3.072395 0.9989 
0.9313 —3.103340 0.0010 
0.9931 —2.060473 0.0197 
P 
1.0000 
0.0000 
0.0630 


substantially required biofuels production that adjusted 
the problem of high emissions in the region. The result 
further depict that along with the increase in the renew- 
able energy generation, there is largely required biofuels 
production, as if there is one percent increase in renew- 
able energy generation, biofuels production increases by 
0.415%. However, the magnitude is far less than the 
magnitude of carbon dioxide emissions that increases 
the production of biofuels in the region. The results 
obviously would facilitate the policy planners to formu- 
late the policies related with the carbon free economy 
and sustainable development in the region. The remain- 
ing variables, that is, energy intensity and total popula- 
tion does not show any significant association during 


Table 7 Panel dynamic modeling — generalized method of moments (GMM) 


Dependent Variable: LOG(BIOF) 


Method: Generalized Method of Moments 


Estimation weighting matrix: HAC (Bartlett kernel, Newey-West fixed bandwidth = 5.000) 
Standard errors & covariance computed using estimation weighting matrix 
Instrument specification: LOG(CO,(-1)) LOG(POP(-1)) LOG(RENEGEN(-1)) Log(EINT(-1)) 


Constant added to instrument list 


Variable Coefficient 
Cc —0.816184 
LOG(CO;) 0.828618 
LOG(POP) —0.313812 
LOG(RENEGEN) 0.415999 
LOG(EINT) —0.265458 
R-squared 0.533560 
Adjusted R-squared 0.524882 
SE of regression 1.559039 
Durbin—Watson stat 0.351840 
Instrument rank 5 


SE t-Statistic P 

3.740940 —0.218176 0.8275 
0.235484 3.518795 0.0005 
0.244223 —1.284943 0.2002 
0.155783 2.670370 0.0082 
0.414985 —0.639681 0.5231 
Mean dependent var 1.731545 
SD dependent var 2.261811 
Sum-squared resid 522.5796 
J-statistic 1.94E-42 
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Table 8 Outliers detection in panel modeling 


Ljung-Box Q(18) 


Number of Model Fit statistics Number 
Model predictors Stationary R-squared Statistics DF Sig. of outliers 
BIOF-Model_1 4 939 25.739 18 106 22 
RStudent Hat matrix 
3 0.08 
0.06 5 
0.04 5 
0.02 4 
a 0.00 <p a aa aa a a 
25 50 75 100 125 150 175 200 25 50 75 100 125 150 175 200 
DFFITS COVRATIO 


0.4 =r 
100 125 150 175 200 


Fig. 1 Influence statistics. 


the time period; however, we may not ignore the possi- 
ble impact of both the variables on biofuels production. 
The other statistics including adjusted R-squared show 
that about 52.48% sustainable indicators explained the 
importance of biofuels production, while the value of 
J-statistic shows that the problem of endogeneity has 
been adjusted and the results are free from errors. After 
adjustment of endogeneity, the study further checked 
the possible outliers in the panel of countries, as during 
panel unit root estimation, some of the variables are 
highly volatile and there is considerable need to adjust 
the outliers and obtained the robust results. For this 
purpose, the study used several outliers’ detection tests 
that presented in Table 8, Figs 1 and 2, respectively. 
The result confirmed that around 22 outliers pre- 
sented in the panel of 17 developed and developing 


0.7 So 


Ta 
100 125 150 175 200 


countries which should have to be adjusted before 
estimation. Figure 1 further shows the influence statis- 
tics for closer overview of outliers in the panel of 
countries. 

Figure 1 shows that most of the observations of the 
given variable series surpass the average values; there- 
fore, there is clear indication that the parameter esti- 
mates may be affected by the possible outliers in the 
given model. All of the four influence statistics con- 
firmed that majority of the variables observations 
exceeds the average line. Thus, there is required vari- 
able by variable to see the observation trends. Figure 2 
shows the leverage plots of each variable to observe the 
outliers in the data series. Figure 2 depict that variable 
series are fluctuating over the period of time, as one of 
the reason is obvious the difference of developed and 
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BIOF vs. variables (Partialled on regressors) 
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Fig. 2 Stability diagnostics - leverage plots. BIOF vs. Variables (Partialled on Regressors). 


developing countries. Developed countries more pro- 
nounce toward the biofuels production and environ- 
mental indicators while developing countries struggling 
to achieve the optimum level of energy and carbon 
emissions. 

After careful analysis of above exercise, there is con- 
siderable need to adjust the outliers from dependent 
variable and from its regressors. Therefore, the study 
used robust least square regression including M-estima- 
tions that adjust the outliers of dependent variables, 
while MM-estimations address both the dependent and 
independent variables’ outliers. Table 9 shows the panel 
robust least square regression estimated that less sensi- 
tive to outliers. 

The results of robust least square regression indicate 
that carbon dioxide emissions and renewable energy 
generation have a significant and positive impact on 
increasing biofuels production in the region, while total 
population significantly decreases the biofuels produc- 
tion. One of the possible implications of this result is 
that biofuels production sensitizes the total population 
by moving towards traditional sector to modern era. 
Therefore, the pace of mechanized world hinders by the 
rapid population pressure on the cost of supply- 
demand gap of energy in the region. The robust regres- 
sion indicated the robust weighted R-squared 59.9% 
that are greater than the 6.6% higher than the actual 


R-squared in GMM estimations. This result adjusted the 
outliers of dependent variable shows that explanatory 
variables have only 46.5% impact on biofuels produc- 
tion in the region. 

The study further uses MM-estimations of robust 
least square regression to adjust the model outliers and 
results are presented in Table 10. 

The results show that after adjusting both the depen- 
dent and independent variables’ outliers, all of the sus- 
tainable indications exhibit the significant association 
with the biofuels production with the greater magnitude 
and improved statistical significance powers. The 
results reveal that if there is one percent increase in car- 
bon dioxide emissions, biofuels production increases by 
0.934%. The magnitude value is improved in MM-esti- 
mations as compared to GMM and M-estimations. Simi- 
larly, renewable energy generation along with the 
energy intensity both exerted the positive relationship 
with the biofuels production, as the coefficient values 
are 0.493% and 0.529%, respectively. Finally, total popu- 
lation have a significant and negative relationship with 
the biofuels production that need to device sound 
health policy to reduce the pressure of massive popula- 
tions in order to utilize energy infrastructure across the 
countries. In both the M-estimation and MM-estimation, 
R-squared robust 
weighted R-squared increases in a greater extent that 


considerably decreasing while 
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Table 9 Panel robust least square results (M-estimations) 


Dependent Variable: LOG(BIOF) 


Method: Robust Least Squares 

Included observations: 221 

Method: M-estimation 

M settings: weight = Bisquare, tuning = 4.685, scale = MAD (median centered) 
Huber Type I Standard Errors & Covariance 


Variable Coefficient SE z-Statistic Pp 
C —2.274181 2.086535 —1.089931 0.2757 
LOG(CO») 0.880646 0.112631 7.818870 0.0000 
LOG(EINT) —0.099009 0.225922 —0.438245 0.6612 
LOG(POP) —0.348856 0.125392 —2.782131 0.0054 
LOG(RENEGEN) 0.375143 0.081909 4.580000 0.0000 
Robust Statistics 
R-squared 0.474733 Adjusted R-squared 0.465006 
Rw-squared 0.599739 Adjust Rw-squared 0.599739 
Akaike info criterion 207.9675 Schwarz criterion 227.2109 
Deviance 436.9568 Scale 1.477289 
Rn-squared statistic 252.0903 Prob(Rn-squared stat.) 0.000000 
Non-robust Statistics 
Mean dependent var 1.729630 SD dependent var 2.256845 
SE of regression 1.565053 Sum-squared resid 529.0682 


Table 10 Panel robust least square results (MM-estimations) 
Dependent variable: LOG(BIOF) 


Method: Robust Least Squares 

Included observations: 221 

S settings: tuning = 0.275, breakdown = 0.90011, trials = 200, subsmpl = 5, 
refine = 2, compare = 5 

M settings: weight = Bisquare, tuning = 3.78 

Random number generator: rng = kn, seed = 1540814231 

Huber Type II Standard Errors & Covariance 


Variable Coefficient SE z-Statistic P 
C —7.180870 1.508614 —4.759913 0.0000 
LOG(CO;) 0.934792 0.092803 10.07284 0.0000 
LOG(EINT) 0.529426 0.160719 3.294115 0.0010 
LOG(POP) —0.712284 0.092219 —7.723788 0.0000 
LOG(RENEGEN) 0.493846 0.062015 7.963311 0.0000 
Robust Statistics 
R-squared 0.309064 Adjusted R-squared 0.296269 
Rw-squared 0.829145 Adjust Rw-squared 0.829145 
Akaike info criterion 442.4348 Schwarz criterion 458.8377 
Deviance 184.3613 Scale 0.653386 
Rn-squared statistic 328.2296 Prob(Rn-squared stat.) 0.000000 
Non-robust Statistics 
Mean dependent var 1.729630 SD dependent var 2.256845 
SE of regression 1.657219 Sum squared resid 593.2168 
shows the explanatory powers of the sustainable indica- be in a mind that if the economies pertaining to the bio- 
tors in the region. energy development in a region, there should be keen 
The overall results indicate the importance of biofuels focused on the land-use changes and greenhouse gas 
production for a strong policy vista for sustainable bio- balances for climatic protections. Piccirillo (2012) con- 
energy development across the globe. There is one thing clude that biofuel energy is one of the key factors of 
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green development alternative to the standard fossil 
fuels, as it is produced from renewable energy sources. 
Besides that the impact of biofuel energy on environ- 
mental degradation is observed smaller as compared to 
the conventional fossil fuel combustion, because the 
plants used for biofuel production absorb carbon diox- 
ide emissions, that leading to zero net CO, emissions. 


Discussion 


The study focused on the biofuels production that is 
used as one of the key factor for green sustainable 
agenda for the panel of developed and developing 
countries. The study examined the impact of four prom- 
ising sustainable indicators that impact on the biofuels 
production in the region. The time series data of 17 
developed and developing countries taken from U.S 
Energy Information Administration (EIA) database for 
the period of 2000-2012. The study employed number 
of panel econometric modeling techniques on merit, that 
is, panel unit root test evaluate stationary series of the 
variables; panel co-integration test indicates the long- 
run connection between the variables, panel GMM tech- 
nique incorporated the endogeneity problem from the 
model; and robust least square regression technique 
addresses the outliers in the given model. 

The results of panel unit root test indicate the mixture 
of order of integration, as some of the variables includ- 
ing biofuels, and carbon dioxide emissions are highly 
volatile data in nature; therefore, it decomposed with 
differenced stationary. The panel co-integration results 
rejected the null hypothesis of no co-integration against 
the alternative hypothesis. Therefore, the study estab- 
lished that there is co-integration relationship between 
the variables. The results of GMM indicate that both the 
carbon dioxide emissions and renewable electricity gen- 
eration have a positive and significant association with 
the biofuels production in the region. The results of 
robust least square regression confirmed that all of the 
sustainable indicators have a dynamic linkage with the 
biofuels production. Thus, the policy related to the 
green biofuels production process should be carried out 
for long-term development in the region. 

On the basis of the following results, the study pro- 
posed short-term, medium term and long-term policy 
implications. In the short-term, the policymakers and 
government officials may have to reduce the burden of 
trade deficit using the diverse energy mix in their port- 
folios. However, biofuel energy has a distinct edge on 
the other energy mix as it may be used as a substitute 
for high priced petroleum. In addition, biofuels energy 
using in transport sector may help to mitigate the green- 
house gas emissions to addresses the threat of climate 
change in the region. In the medium-term plan, 


policymakers should have to be devoted a major expen- 
ditures on the R & D activities related with the sustain- 
able development of biofuels including the availability 
of the biofuels, cost effectiveness, ecosystem protection, 
etc. Finally, in the long-term plan, the policymakers 
have to promote biofuels as the important component 
that reduces life cycle CO emissions by replacing fossil 
fuels. However, it is point of noted that during cultiva- 
tion and production of biofuels, second-generation bio- 
fuels produces less carbon dioxide emissions than the 
replaced fossil fuel. Biofuels development should be 
considered as integrated spatial planning with resource 
efficiency and renewable energy strategies. Therefore, 
biofuels production is the desirable situation to opti- 
mize economic growth that lead to sustainable develop- 
ment across the globe. Future research should focus on 
different income level country group, longer data series 
and with more variables to investigate this issue. 
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